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Clinical PerspectiveWhat Is New?Although secondary stroke prevention guidelines recommend use of angiotensin‐converting enzyme inhibitors and angiotensin receptor blockers (ACEI/ARB) therapy post‐stroke and kidney guidelines recommend ACEI/ARB use in CKD, our study suggests that increasing rates of ACEI/ARB prescribing in a population with both indications for ACEI/ARB use (secondary stroke prevention and CKD) would not improve clinical outcomes and, in fact, may worsen outcomes.However, If ACEI/ARB treatment effects are heterogeneous across patients with both stroke and CKD and care is currently individualized across patients, extrapolating our estimates to ACEI/ARB use rates far outside our study ranges may not be appropriate.What Are the Clinical Implications?Our estimates suggest, at a minimum, that a subset of patients exists post‐stroke with CKD for whom ACEI/ARB use may worsen survival outcomes.Further research is needed to provide more specific guidance on which cohorts of stroke patients and which cohorts of CKD patients would benefit from more versus less ACEI prescribing, as these populations are diverse and current guidelines do not address this diversity.Until then, it appears that ACEI/ARB use in practice should be "individualized" and "judicious" as is stressed in the current guideline.

Introduction {#jah33230-sec-0008}
============

It has been suggested that renin‐angiotensin system antagonists, angiotensin‐converting enzyme inhibitors and angiotensin receptor blockers (ACEI/ARBs), are underutilized in secondary stroke prevention.[1](#jah33230-bib-0001){ref-type="ref"} The current guideline recommends blood pressure reduction for all stroke patients to prevent recurrent stroke and other vascular events.[2](#jah33230-bib-0002){ref-type="ref"} The guideline also adds that treatment choice including the use of ACEI/ARBs should be "individualized" in light of patient conditions such as renal impairment,[2](#jah33230-bib-0002){ref-type="ref"} and "judicious" use of ACEI/ARBs has been stressed.[3](#jah33230-bib-0003){ref-type="ref"} Although ACEI/ARBs are thought protective of renal function,[4](#jah33230-bib-0004){ref-type="ref"} higher ACEI/ARB use rates have been associated with higher prevalence of acute kidney injury and end‐stage kidney disease.[5](#jah33230-bib-0005){ref-type="ref"}, [6](#jah33230-bib-0006){ref-type="ref"}, [7](#jah33230-bib-0007){ref-type="ref"} ACEI/ARBs may accelerate the progression of chronic kidney disease (CKD) to end‐stage kidney disease through intrarenal hemodynamic effects.[8](#jah33230-bib-0008){ref-type="ref"}, [9](#jah33230-bib-0009){ref-type="ref"}, [10](#jah33230-bib-0010){ref-type="ref"}, [11](#jah33230-bib-0011){ref-type="ref"}, [12](#jah33230-bib-0012){ref-type="ref"}, [13](#jah33230-bib-0013){ref-type="ref"} ACEI/ARBs may also disrupt the capacity for auto‐regulation in other vital organ systems which could be harmful in high‐risk geriatric patients with cardiovascular comorbidities.[8](#jah33230-bib-0008){ref-type="ref"}, [9](#jah33230-bib-0009){ref-type="ref"}, [10](#jah33230-bib-0010){ref-type="ref"}, [11](#jah33230-bib-0011){ref-type="ref"}

The evidence guiding ACEI/ARB use for geriatric patients with comorbidities is sparse. Guidelines are based largely on studies of younger patients with well‐preserved renal function,[13](#jah33230-bib-0013){ref-type="ref"}, [14](#jah33230-bib-0014){ref-type="ref"}, [15](#jah33230-bib-0015){ref-type="ref"}, [16](#jah33230-bib-0016){ref-type="ref"}, [17](#jah33230-bib-0017){ref-type="ref"}, [18](#jah33230-bib-0018){ref-type="ref"} that did not focus on long‐term renal, cardiovascular, or survival outcomes.[19](#jah33230-bib-0019){ref-type="ref"}, [20](#jah33230-bib-0020){ref-type="ref"} Observational studies assessing ACEI/ARBs effects using risk‐adjustment approaches have shown mixed results,[6](#jah33230-bib-0006){ref-type="ref"}, [21](#jah33230-bib-0021){ref-type="ref"}, [22](#jah33230-bib-0022){ref-type="ref"}, [23](#jah33230-bib-0023){ref-type="ref"}, [24](#jah33230-bib-0024){ref-type="ref"}, [25](#jah33230-bib-0025){ref-type="ref"} likely stemming from varying ability to control for confounders[26](#jah33230-bib-0026){ref-type="ref"}, [27](#jah33230-bib-0027){ref-type="ref"} and heterogeneity of ACEI/ARB effects across patients.[6](#jah33230-bib-0006){ref-type="ref"}, [10](#jah33230-bib-0010){ref-type="ref"}, [17](#jah33230-bib-0017){ref-type="ref"}, [24](#jah33230-bib-0024){ref-type="ref"}, [26](#jah33230-bib-0026){ref-type="ref"}, [27](#jah33230-bib-0027){ref-type="ref"}, [28](#jah33230-bib-0028){ref-type="ref"}, [29](#jah33230-bib-0029){ref-type="ref"}

If ACEI/ARB effects are heterogeneous across patients, the relevant question is not whether all geriatric ischemic stroke patients should be treated with an ACEI/ARB or not, but rather whether existing ACEI/ARB use rates for ischemic stroke patients are "right"?[30](#jah33230-bib-0030){ref-type="ref"} The ACEI/ARB use rate for ischemic stroke patients may reflect the proper tradeoffs of ACEI/ARB benefits and detriments across individual patients. Estimates of ACEI/ARB effects for ischemic stroke patients on the "extensive margin"[31](#jah33230-bib-0031){ref-type="ref"}, [32](#jah33230-bib-0032){ref-type="ref"}, [33](#jah33230-bib-0033){ref-type="ref"} are needed to address this question. Patients on the extensive margin are those who would be next to receive an ACEI/ARB if use rates increased, or the first not to receive an ACEI/ARB if rates fell.

Our objective is to estimate the effects of ACEI/ARBs on geriatric patients with ischemic stroke on the extensive margin. Instrumental variable (IV) estimators are applied to data from Medicare insurance system in the United States using measures of local area ACEI/ARB prescribing practice styles as instruments. This approach aligns our estimates with what might be expected from a policy intervention meant to change ACEI/ARB use rates for ischemic stroke patients.[33](#jah33230-bib-0033){ref-type="ref"}, [34](#jah33230-bib-0034){ref-type="ref"}, [35](#jah33230-bib-0035){ref-type="ref"} Because of the postulated heterogeneity of ACEI/ARB effects, we contrasted IV estimates across patient subpopulations based on prior CKD. In addition, data from medical charts for a sample of patients with CKD in our study population were used to evaluate the assumptions underlying our IV estimator.

Methods {#jah33230-sec-0009}
=======

Data {#jah33230-sec-0010}
----

Data from 2009 to 2012 for all Medicare fee‐for‐service enrollees diagnosed with stroke during 2010 were obtained from Chronic Conditions Data Warehouse (CCW). For these patients all Medicare claims and enrollment files were obtained. Also used were ZIP code level socioeconomic data from the US Census Bureau and a file developed by the project team containing driving distance between any 2 ZIP code centroids throughout the United States. Chart abstraction was performed for a stratified random sample of the ischemic stroke patients with CKD (see Data [S1](#jah33230-sup-0001){ref-type="supplementary-material"}, Figures [S1](#jah33230-sup-0001){ref-type="supplementary-material"} and [S2](#jah33230-sup-0001){ref-type="supplementary-material"}, Tables [S1](#jah33230-sup-0001){ref-type="supplementary-material"} and [S2](#jah33230-sup-0001){ref-type="supplementary-material"}).[2](#jah33230-bib-0002){ref-type="ref"}, [36](#jah33230-bib-0036){ref-type="ref"}, [37](#jah33230-bib-0037){ref-type="ref"}, [38](#jah33230-bib-0038){ref-type="ref"}, [39](#jah33230-bib-0039){ref-type="ref"}, [40](#jah33230-bib-0040){ref-type="ref"}, [41](#jah33230-bib-0041){ref-type="ref"}, [42](#jah33230-bib-0042){ref-type="ref"}, [43](#jah33230-bib-0043){ref-type="ref"}, [44](#jah33230-bib-0044){ref-type="ref"}, [45](#jah33230-bib-0045){ref-type="ref"}, [46](#jah33230-bib-0046){ref-type="ref"} The data, analytical methods, and study materials will be made available to other researchers for the purpose of reproducing the results or replicating the procedures, but because of the sensitive nature of the data collected for this study, requests to access the data set from qualified researchers trained in human subject confidentiality protocols may be sent to the corresponding author. This study design was accepted by the University of South Carolina Institutional Review Board.

Population {#jah33230-sec-0011}
----------

Medicare fee‐for‐service enrollees with incident ischemic stroke during 2010 with sufficient observation windows to measure all study variables were included.[47](#jah33230-bib-0047){ref-type="ref"} For each patient we found the first inpatient stay with a primary stroke diagnosis,[48](#jah33230-bib-0048){ref-type="ref"} during 2010 and designated this as each patient\'s *index stroke stay*. The observation window was built around the admission date for the index stroke---referred to as the *index date*. Table [1](#jah33230-tbl-0001){ref-type="table"} shows the impact of inclusion criteria on our study population: 35 769 patients were included, 9092 with a diagnosis of CKD (*International Classification of Diseases, Ninth Edition \[ICD‐9‐CM\]* diagnosis codes: 585.1, 585.2, 585.3 585.4 585.5, 585.9) in the period 12 months before index through the index stay, and 26 677 without a diagnosis of CKD.

###### 

Effects of Inclusion Rules on Study Population for Patients With Ischemic Stroke Who Were Medicare Fee‐for‐Service Enrollees in 2010

                                                                                                                                               Number of Patients
  -------------------------------------------------------------------------------------------------------------------------------------------- --------------------
  Inpatient hospital stay with a primary diagnosis of stroke in 2010                                                                           142 203
  Aged 66+ years at diagnosis                                                                                                                  140 385
  Survived the index stroke inpatient stay and 30 days after discharge                                                                         113 785
  Enrolled in Medicare Parts A (inpatient) and B (physician) from 12 months before index stay to 2‐years after discharge or until death date   102 091
  Enrolled in Part D (drugs) from 12 months before index stay to 1 month after discharge                                                       94 343
  Not in hospice from 12 months before index stay to 1 month after discharge                                                                   91 419
  No stroke in 12 months before index stay                                                                                                     74 047
  No inpatient admission in the 30 days after discharge                                                                                        63 827
  No diagnosis of end stage renal disease, or renal cancer and did not receive dialysis during the 12 months before index stay                 62 151
  Had index diagnosis as ischemic stroke                                                                                                       35 769
  Had no diagnosis of CKD in the 12 months before index through the index stay                                                                 26 677
  Had a diagnosis of CKD in the 12 months before index through the index stay                                                                  9092

CKD indicates chronic kidney disease.

Treatment {#jah33230-sec-0012}
---------

If a patient filled an ACEI/ARB prescription in the 30 days after discharge or had sufficient ACEI/ARBs at home before discharge to cover the 30 days after discharge, the ACEI/ARB treatment variable was set to one, zero otherwise. We used "days supplied" on prescriptions filled before discharge to estimate the days of supply remaining at discharge. Patients were excluded who died or had an inpatient stay during the 30 days after discharge to ensure a consistent treatment observation period.[47](#jah33230-bib-0047){ref-type="ref"}

Outcomes {#jah33230-sec-0013}
--------

Two‐year survival: 1 if the patient survived 2 years after index discharge, 0 otherwise;Two‐year secondary stroke‐free survival: 1 if the patient survived 2 years after index discharge without a recurrent stroke,[48](#jah33230-bib-0048){ref-type="ref"} 0 otherwise;Two‐year renal events: 1 if the patient had inpatient or outpatient claims with *ICD‐9‐CM* codes with acute kidney injury (584.xx and 580.xx) or end‐stage renal disease (585.6) within 2 years of index discharge, 0 otherwise.

Covariates {#jah33230-sec-0014}
----------

Covariates measured at baseline included patient demographics, financial and insurance variables, comorbidities, prior adverse events related to ACEI/ARB use, complications during the index stay, therapy during the index stay, lengths of stay by unit (eg, intensive care) and facility type (skilled nursing facility), medication use before index stroke, and other medications used after discharge. Definitions and data sources for the covariates are in Data [S2](#jah33230-sup-0001){ref-type="supplementary-material"}.[48](#jah33230-bib-0048){ref-type="ref"}, [49](#jah33230-bib-0049){ref-type="ref"}, [50](#jah33230-bib-0050){ref-type="ref"}, [51](#jah33230-bib-0051){ref-type="ref"}, [52](#jah33230-bib-0052){ref-type="ref"}, [53](#jah33230-bib-0053){ref-type="ref"}, [54](#jah33230-bib-0054){ref-type="ref"}, [55](#jah33230-bib-0055){ref-type="ref"}, [56](#jah33230-bib-0056){ref-type="ref"}, [57](#jah33230-bib-0057){ref-type="ref"}, [58](#jah33230-bib-0058){ref-type="ref"}, [59](#jah33230-bib-0059){ref-type="ref"}, [60](#jah33230-bib-0060){ref-type="ref"}, [61](#jah33230-bib-0061){ref-type="ref"}, [62](#jah33230-bib-0062){ref-type="ref"}, [63](#jah33230-bib-0063){ref-type="ref"}, [64](#jah33230-bib-0064){ref-type="ref"} For a stratified random sample of patients with CKD we measured confounders which are unmeasurable using Medicare data through chart abstraction (Data [S1](#jah33230-sup-0001){ref-type="supplementary-material"}).

Instrument Strategy {#jah33230-sec-0015}
-------------------

We measured ACEI/ARB local area practice style measures around each patient residence ZIP code using a driving time approach refined in previous studies based on driving times (Data [S3](#jah33230-sup-0001){ref-type="supplementary-material"}).[32](#jah33230-bib-0032){ref-type="ref"}, [65](#jah33230-bib-0065){ref-type="ref"}, [66](#jah33230-bib-0066){ref-type="ref"}, [67](#jah33230-bib-0067){ref-type="ref"}, [68](#jah33230-bib-0068){ref-type="ref"} For each ZIP code, an area treatment ratio (ATR) was estimated as the ratio of the number of patients in the local area who used ACEI/ARBs after stroke over the sum of the predicted probabilities of these same patients receiving ACEI/ARBs after stroke. Larger ATR values indicate stronger provider preference in the local area for prescribing an ACEI/ARB after stroke. The instrument was specified in estimation models either using continuous variables (the patient\'s ZIP code ATR value and ATR value squared) or grouping patients into quintiles based on their ZIP code ATR values using dummy variables.

Analysis {#jah33230-sec-0016}
--------

Patients were stratified into CKD and non‐CKD subpopulations. For each subpopulation we tested the association of the measured covariates with ACEI/ARB use and for trends in each covariate across patients grouped by ATR quintiles.[69](#jah33230-bib-0069){ref-type="ref"} Linear 2‐stage least squares (2SLS) IV estimators were used (Data [S4](#jah33230-sup-0001){ref-type="supplementary-material"}).[29](#jah33230-bib-0029){ref-type="ref"}, [70](#jah33230-bib-0070){ref-type="ref"}, [71](#jah33230-bib-0071){ref-type="ref"}, [72](#jah33230-bib-0072){ref-type="ref"}, [73](#jah33230-bib-0073){ref-type="ref"}, [74](#jah33230-bib-0074){ref-type="ref"}, [75](#jah33230-bib-0075){ref-type="ref"}, [76](#jah33230-bib-0076){ref-type="ref"}, [77](#jah33230-bib-0077){ref-type="ref"}, [78](#jah33230-bib-0078){ref-type="ref"}, [79](#jah33230-bib-0079){ref-type="ref"}, [80](#jah33230-bib-0080){ref-type="ref"} In this study 2SLS yields estimates of the absolute average effect of ACEI/ARBs for the patients whose ACEI/ARB choice was sensitive to local area practice styles[71](#jah33230-bib-0071){ref-type="ref"}, [80](#jah33230-bib-0080){ref-type="ref"} or what is known as the local average treatment effect. Our large sample size ensures that our 2SLS estimates will be distributed normally via the central limit theorem.[76](#jah33230-bib-0076){ref-type="ref"} All models were estimated with robust standard errors using STATA software. We tested for differences in local average treatment effect estimates between the CKD and non‐CKD patients.[77](#jah33230-bib-0077){ref-type="ref"} To further contrast ACEI/ARB effects between CKD and non‐CKD patients, we estimated empirical distributions of each effect using bootstrap methods by CKD status.[78](#jah33230-bib-0078){ref-type="ref"} We created 3000 patient samples by randomly selecting from each subpopulation with replacement and applied the IV models to each of the 3000 samples for each subpopulation. To evaluate IV estimator assumptions, we grouped the patients from our abstraction sample based on local area ACEI/ARB practice styles and tested the mean differences in laboratory values (eg, blood pressure, kidney function, electrolytes) between groups.

Results {#jah33230-sec-0017}
=======

Tables [S3](#jah33230-sup-0001){ref-type="supplementary-material"} and [S4](#jah33230-sup-0001){ref-type="supplementary-material"} summarize the relationships between the covariates measured using Medicare data and ACEI/ARB use and local area practice styles, for CKD and non‐CKD patients, respectively. ACEI/ARBs were used by 45.9% of CKD patients and 45.2% of non‐CKD patients. ACEI/ARB users were younger, less frail, more likely a minority, lived in areas with lower socioeconomic conditions, and had fewer prior conditions thought to be adverse events of ACEI/ARBs, but had higher rates of obesity, diabetes mellitus, and hypertension. ACEI/ARB users were more likely to have used an ACEI/ARB before their stroke and other medications after discharge. Higher‐staged CKD patients were less likely to use ACEI/ARB after stroke. For CKD patients in the first quintile of the instrument, 40.0% of patients had an ACEI/ARB available within 30 days of discharge compared with 53.5% of patients in the fifth quintile. For non‐CKD patients the range across quintiles was 38.5% to 51.7%. Local areas with higher ACEI/ARB use rates had higher minority percentages and poverty rates.

Table [2](#jah33230-tbl-0002){ref-type="table"} summarizes the IV estimates. Column 3 contains F‐statistics testing whether the instrument had a statistically significant impact on ACEI/ARB use.[81](#jah33230-bib-0081){ref-type="ref"} All F‐statistics were much greater than 10 so that our instrumental variable is considered "non‐weak".[79](#jah33230-bib-0079){ref-type="ref"} Columns 4 to 6 contain the IV estimates of ACEI/ARB use on each study outcome. For non‐CKD patients higher ACEI/ARB rates are associated with higher 2‐year survival rates (column 4). ACEI/ARB effects on stroke‐event‐free survival rates were in the same range, but not statistically different from zero (column 5). Higher ACEI/ARB rates for non‐CKD patients were associated with lower 2‐year renal event rates that were also not statistically different from zero (column 6). For patients with CKD, higher ACEI/ARB rates were associated with *lower* 2‐year survival rates, 2‐year renal event rates but neither was statistically different from zero.

###### 

IV Estimates of ACEI/ARB Effects on 2‐Year Study Outcomes for Medicare Enrollees With Ischemic Stroke by Prior CKD

                                                                                                                                                                 Outcomes                                                                                                       
  -------------------------------------------------- ---------------------------------------------------- ------------------------------------------------------ ------------------------------------------------------ ------------------------------------------------------- -------------------------------------------------------
  Non‐CKD                                            Continuous[a](#jah33230-note-0003){ref-type="fn"}    270.5                                                  0.086[c](#jah33230-note-0005){ref-type="fn"} (0.038)   0.083 (0.043)                                           −0.046 (0.025)
  Quintiles[a](#jah33230-note-0003){ref-type="fn"}   119.1                                                0.089[c](#jah33230-note-0005){ref-type="fn"} (0.041)   0.079 (0.046)                                          −0.046 (0.027)                                          
  CKD                                                Continuous[a](#jah33230-note-0003){ref-type="fn"}    108.3                                                  −0.108 (0.069)                                         −0.083 (0.073)                                          −0.100 (0.060)
  Quintiles[a](#jah33230-note-0003){ref-type="fn"}   52.0                                                 −0.116 (0.070)                                         −0.065 (0.074)                                         −0.106 (0.061)                                          
  Total                                              Continuous [a](#jah33230-note-0003){ref-type="fn"}   384.5                                                  0.039 (0.033)                                          0.041 (0.037)                                           −0.055[c](#jah33230-note-0005){ref-type="fn"} (0.024)
  Quintiles[a](#jah33230-note-0003){ref-type="fn"}   172.8                                                0.034 (0.035)                                          0.042 (0.039)                                          −0.058[c](#jah33230-note-0005){ref-type="fn"} (0.026)   

Two‐Stage Least Squares (2SLS) IV models with robust standard errors. Instrument specification in first‐stage equation---Continuous: area treatment rate (ATR) and ATR‐squared. Quintiles: 4 dummy variables grouping ZIP codes in 5 groups based on ATR values.

F‐statistic testing the significance of the instrument specification in the 2SLS first stage regression.

*P*\<0.05.

ACEI/ARB indicates angiotensin‐converting enzyme inhibitors and angiotensin receptor blockers; CKD, chronic kidney disease; IV, instrumental variable.

IV estimates using the entire population are clearly averages of the CKD and non‐CKD IV estimates and hide the treatment effect heterogeneity across subpopulations. To investigate heterogeneity further, we tested for treatment effect *differences* between CKD and non‐CKD patients (Table [3](#jah33230-tbl-0003){ref-type="table"}). The IV estimates of ACEI/ARB effects on 2‐year survival were statistically different between subpopulations. [Figure](#jah33230-fig-0001){ref-type="fig"} contains the empirical distributions of the treatment effect estimates across the bootstrapped samples by outcome, estimator, and subpopulation. A clear difference can be seen in the empirical distributions of ACEI/ARB survival effects by CKD status. The two‐sample Komogorov‐Smirnov goodness of fit test[82](#jah33230-bib-0082){ref-type="ref"} statistic (0.458) rejects the null hypothesis that the distributions of ACEI/ARB survival effect estimates were the same across CKD status at the *P*\<0.01 level.

###### 

Differences in ACEI/ARB Absolute Treatment Effects Between CKD and Non‐CKD Ischemic Stroke Patients

  Estimator                                                                                                                     Outcomes                                               
  ---------------------------------------------------------------- ------------------------------------------------------------ ---------------------------------------------- ------- -------
  Continuous[a](#jah33230-note-0006){ref-type="fn"}                Absolute difference[b](#jah33230-note-0007){ref-type="fn"}   0.194[c](#jah33230-note-0008){ref-type="fn"}   0.166   0.053
  *P*‐value on difference[d](#jah33230-note-0009){ref-type="fn"}   0.015                                                        0.052                                          0.404   
  Quintiles[a](#jah33230-note-0006){ref-type="fn"}                 Absolute difference[b](#jah33230-note-0007){ref-type="fn"}   0.203[c](#jah33230-note-0008){ref-type="fn"}   0.142   0.060
  *P*‐value on difference[d](#jah33230-note-0009){ref-type="fn"}   0.012                                                        0.104                                          0.371   

Two‐stage least squares (2SLS) IV models with robust standard errors. Instrument specification in first‐stage equation---Continuous: area treatment rate (ATR) and ATR‐squared. Quintiles: 4 dummy variables grouping ZIP codes in 5 groups based on ATR values.

Difference between the CKD and non‐CKD estimated treatment effects.

*P*\<0.05.

Based on Z‐statistic = $\frac{{\hat{\alpha}}_{nonCKD} - {\overbrace{\alpha}}_{CKD}}{\sqrt{{({SE}\alpha_{nonCKD})}^{2} + {({SE}\alpha_{nonCKD})}^{2}}}$

ACEI/ARB indicates angiotensin‐converting enzyme inhibitors and angiotensin receptor blockers; CKD, chronic kidney disease.

![Bootstrap distributions of instrumental variable (IV) renin‐angiotensin system antagonist (ACEI/ARB) effect estimates for geriatric stroke patients by chronic kidney disease (CKD) status. Continuous IV: instrumental variable specified as ZIP code specific area treatment rate (ATR) and ATR‐squared. Categorical IV---Quintiles: instrumental variable specified as 4 dummy variables grouping ZIP codes in 5 groups based on area treatment rate (ATR) values. ACEI/ARB indicates renin‐angiotensin system antagonist; CKD, chronic kidney disease; IV, instrumental variable.](JAH3-7-e009137-g001){#jah33230-fig-0001}

Table [4](#jah33230-tbl-0004){ref-type="table"} shows laboratory values found in the index inpatient stay for ischemic stroke patients with CKD from our abstraction sample. Patients are grouped by ACEI/ARB use after discharge and local area ACEI/ARB practice styles. Patients using ACEI/ARBs after stroke had higher blood pressure and international normalized ratio levels, but lower serum creatinine than non‐treated patients. No statistically significant differences in these values were found between patients grouped by local area ACEI/ARB practice styles.

###### 

Differences in Laboratory Values Between Patients Using and Not Using ACEI/ARBs and Patients Living in Low and High ACEI/ARB Treatment Areas

  Values                                   n=419    n=412            n=414   n=417                                                                         
  ---------------------------------------- -------- ------- -------- ------- ------------------------------------------------- -------- ---- -------- ---- -------
  Highest systolic blood pressure          176.23   0       183.75   1       \<0.0001[d](#jah33230-note-0013){ref-type="fn"}   181.24   0    178.68   1    0.175
  Highest diastolic blood pressure         92.62    0       95.63    1       0.004[d](#jah33230-note-0013){ref-type="fn"}      94.38    0    93.84    1    0.605
  Highest BUN level, mg/dL                 33.03    2       31.02    3       0.053                                             32.35    3    31.73    2    0.547
  Highest serum creatinine level, mg/dL    1.72     2       1.56     2       0.004[d](#jah33230-note-0013){ref-type="fn"}      1.65     2    1.62     2    0.574
  Highest INR value                        1.36     74      1.56     87      0.005[d](#jah33230-note-0013){ref-type="fn"}      1.46     85   1.45     76   0.867
  Latest GFR level, mL/min per 1.73 m^2^   45.42    89      49.32    92      0.003[d](#jah33230-note-0013){ref-type="fn"}      47.38    88   47.3     93   0.951

Based on either filling an ACEI/ARB prescription 30‐days after discharge or having a 30‐day supply of ACEI/ARBs upon discharge.

Low: patient resided in ZIP code in the lowest quintile of ACEI/ARBS use based on area treatment ratios. High: patient resided in ZIP code in the highest quintile of ACEI/ARB use.

Student *t* test of difference in means.

*P*\<0.05.

ACEI/ARB indicates angiotensin‐converting enzyme inhibitors and angiotensin receptor blockers; BUN, blood urea nitrogen; GFR, glomerular filtration rate; INR, international normalized ratio.

Discussion {#jah33230-sec-0018}
==========

Controversy exists as to whether ACEI/ARBs are over‐ or underused for secondary prevention by stroke patients.[1](#jah33230-bib-0001){ref-type="ref"} Guidelines highlight the benefits of blood pressure control from ACEI/ARBs[2](#jah33230-bib-0002){ref-type="ref"} but the possibility of renal and survival risks from ACEI/ARBs for complex patients has been noted.[5](#jah33230-bib-0005){ref-type="ref"}, [6](#jah33230-bib-0006){ref-type="ref"}, [7](#jah33230-bib-0007){ref-type="ref"} Previous observational studies assessing ACEI/ARB effects are susceptible to confounding bias[26](#jah33230-bib-0026){ref-type="ref"}, [27](#jah33230-bib-0027){ref-type="ref"} and have not addressed the over/underuse question directly. Instrumental variable (IV) estimators were used in this study to assess the average effects of ACEI/ARBs for ischemic stroke patients who were Medicare fee‐for‐service beneficiaries whose ACEI/ARB use was sensitive to local area practice styles. We stratified our analysis by CKD status. We assessed confounding assumptions underlying IV estimators through chart abstraction and the contrast of baseline laboratory values across patients grouped by local area ACEI/ARB practice styles.

We found comparable ACEI/ARB use patterns for ischemic stroke patients with and without CKD, suggesting providers had similar ACEI/ARB effect expectations for both subpopulations. Global ACI/ARB use rates were nearly the same for both subpopulations, along with the range in use rates across local areas. Despite these parallels, the survival effects associated with ACEI/ARB use variation across local areas differed dramatically by CKD status. Higher ACEI/ARB use rates for non‐CKD stroke patients were associated with higher 2‐year survival rates. For non‐CKD patients with ischemic stroke, ACEI/ARBs appear underused, as higher rates would have improved survival rates with no increased renal risk. Perhaps providers overestimated the adverse‐event risks of ACEI/ARBs for these patients. We can also assert from our results that higher ACEI/ARB use rates for older ischemic stroke patients have different implications for CKD and non‐CKD patients. While the negative survival effects for patients with CKD were not statistically different from zero, they were statistically lower than the estimates for non‐CKD patients. Our estimates suggest it would be inappropriate to generalize the relationships found for non‐CKD ischemic stroke patients to patients with CKD.

IV estimates are consistent if unmeasured confounders related to study outcomes are unrelated to the instrument specified. We found no relationships in blood pressure levels, international normalized ratio values, creatinine levels, and glomerular filtration rates (GFR) across ischemic stroke patients with CKD grouped by local area ACEI/ARB practice styles. These results suggest that the local area ACEI/ARB practice styles provided a natural experiment in ACEI/ARB use and the bias risk in our IV estimates is minimal.

The IV estimates in this study should be interpreted *locally* to avoid improper generalization. These estimates apply directly to the ischemic stroke patients whose ACEI/ARB use in 2010 would have changed had they resided in areas with different ACEI/ARB practice styles. The ranges in ACEI/ARB use rates associated with our instrument, (38.5--51.7%) for non‐CKD patients and (40.0--53.5%) for CKD patients, are those around which our results should be interpreted. Extrapolating our estimates to changes in ACEI/ARB use rates far outside these ranges is problematic if ACEI/ARB effects are heterogeneous across patients and ACEI/ARB use in practice was individualized across patients. Without additional information on how ACEI/ARBs are sorted across ischemic stroke patients in practice, policy‐makers should be cautious using our estimates, or estimates from any observational study, as the basis guidelines on the *uniform use* ACEI/ARBs for CKD and non‐CKD ischemic stroke patients.

Conclusions {#jah33230-sec-0019}
===========

Our study uses an instrumental variable (IV) estimator with a commonly used instrument to address the question of whether ACEI/ARBs were over‐ or underused in secondary prevention for ischemic stroke patients with and without CKD who were Medicare fee‐for‐service enrollees. The survival effects associated with higher ACEI/ARB use rates clearly differed between CKD and non‐CKD patients. Higher ACEI/ARBS use rates for non‐CKD patients were associated with higher 2‐year survival rates. Whereas, 2‐year survival estimates for CKD patients were negative and statistically distinct from the estimates for non‐CKD patients. It would be a mistake to generalize the estimates for non‐CKD ischemic stroke patients to CKD patients or to apply the estimates from the entire ischemic stroke population to either subpopulation. Policies to increase ACEI/ARB uses rates for non‐CKD ischemic stroke patients should be considered but these policies should be limited to only the non‐CKD ischemic stroke patients.
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